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(54) Title: A SURGICAL NAVIGATION TOOL 
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(57) Abstract: A navigation tool for locating an axis on or in relation to which an orthopaedic surgery procedure is to be performed 
includes a column member having upper and lower parts. The lower part can be fastened to a bone. The upper and lower parts are 
connected to one another with the mating surfaces in contact with one another in such a way that the upper and lower parts can be 
rotated relative to one another about an axis which is perpendicular to the mating planes. The tool also includes a guide having an 
opening extending through it, which is fastened to the upper part of the column member so that it extends transversely relative to the 
upper part of the column member and can be moved relative to the upper part of the column member so as to change the distance 
between the opening and the point at which the guide is fastened to the upper part of the column member. 
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A SURGICAL NAVIGATION TOOL 



This invention relates to a surgical navigation tool. 



It can be necessary in sxirgical procedures to drill a hole in a bone. The drilled hole might 
be used to fasten an implanted component or an instrument to the bone. It can be important 
that the location and orientation of the drilled hole is accurately controlled, for example to 
avoid damage to surrounding tissue. It can also be important to ensure proper positioning 
(for example location and alignment) of the component or instrument that is to be attached 
to the bone. 

It is known for example to attach implanted components to a patient's spinal column using 
screws which are inserted into holes drilled in the pedicle. Such components can be used 
for example to restrict or to prevent relative movement between vertebrae. The use of 
screws has advantages over other fixation techniques, for example using hooks, because of 
the greater control tiiiat is available over the location of the components, both during and 
immediately after the surgical procedure, and also in the longer term. However, accurate 
location of the hole in the pedicle is fundamentally important in order to avoid damage to 
CNS tissue. 

It is common to plan a surgical procedure using images of the patient's tissue, for example 
a CT image. This can be used to identify the site for fixation of an implant or an 
instrument, including for example the location and orientation of holes that have to be 
drilled in a patient's bone. It is necessary then to move from the CT image data to locate 
the fixation site relative to the bone itself. In the case of fixation to a patient's spinal 
column, it is an established technique to test the location of a fixation site by forming a 
pilot hole in the pedicle (for example using a drill bit or a pedicle probe). The hole can 
then be probed to ensure that the pedicle wall has not been penetrated. However, accurate 
location of the hole relative to the patient's bone can require generation of image data, for 
example using X-ray or fluoroscopy techniques. 
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In one aspect, the present invention provides -an instrument foriocating an axis on or in 
relation to which an orthopaedic surgery procedure is to be performed, which comprises: 



a. a column member comprising upper and lower parts of which the lower 
. part can be fasten^ to a bone, the uppejr part, having a mating surface^ at its lower 
end which defines an upper part mating plane and the lowcsr part having a mating 
sxirface at its.upper end which defines a lower part mating plane, the upper and 
lower parts being connected to one another with:the matibag suifapes in contact 
y/iih one another in such a way that the upper and lower parts can be rotated 
relative to one another about an axis which is perpendicular to the mating planes, 
the axis being non-parallel to the axes of the upper and lower parts of the column 
member, 

bv ... .a guide having an opening extending through it, which is fastened to the 
upper part of the column member so.that.it extends tr^sversely relative to the 
upper part of the column member and .can.be moved relative, to the upper part of 
. the column memb^.sp as. to change the.distance between fh^.opening and the 
. point at which the guide isfastened to the uppe^r part of :the column'm.emb.er^ 

The tool of the present invention has the advantage that it allows an axis to be located 
accurately relative to a patients bone accurately and simply. The two parts of the column 
member provide a simple .meohsmsm for the orientatioixotthe .axi.s,.and the 

movement pf the guide relative to the upper part of the colimm member allows selection of 
the distance of the axis fiQna&e.colunm.mOTAer.. . 

Preferably, the guide comprises a plate. v\(hich has-at Jeast first and second openings , . 
extending through it, the .distance firom^her point at which the plate is fa^teixed tq the upper 
part of the Golxjnm member .to the first opening .being greater than the distance.firom the 
point at which the plate is fastened to the upper part of th^ column member to the second 
opening. For example, .the plate can liaye fi plurality of openings extendmg.tijip 
arranged on a helical line around th^ ppmt at which the plate is fastened to the upper part of 
the colunm member. The distance from the said fastening point to the closest opening is 
preferably not more than about 15 mm, more preferably not more than about 10 mm. 
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PreJfetably, the distance fromihe said fastening point to the opeidng which is furthest from 
the fastening point is at least about IZO mm, more preferably at least about 25 mm, 
especially at least about 30 mm. 

The plate can have the configuration such as would result from it -being formed from a 
continuous sheet of material; However, the plate can have other configurations, for 
example comprising a plurality of spokes in which the Openings ares ptovided. The spokes 
can be formed from a continuous sheet of material. However, the plate can be formed from 
more than one piece of material: for extoiple, when the plate comprises a plurality of 
spokes, the spokes can bcprovided by. different pieces Of material 'whieh arejoined 
together to form Ihfe plate. 

The guide component, of the instrument can be an arm which has an opening in it.. 
Preferably, the length of the aim can be-varied,.for examplfe by means of tv\fo telescoping 
parts. The. length . of the- ann cani be controlled by means of a driver which moves the parts 
relative to one* another, for example by means of a stepping motot. • 

Preferably, the guide can be rotated relative to the upper part of the column member, about 
the point at which the guide is fastened to the upper part of the colunm meimber. It is 
particularly preferred that the tool includes a liiotor for rotating the guide relative to the 
upper part of the colmim raember. - • 

Preferably, eatoh of the mating surfaces of the upper and lower parts of the column member 
is planar. However, the surfaces might be non-planar, for example to make the engage- 
merit of the upper and lower parts;of the column member more secure; For example, one 
of •tiie::mating.:suifaces inight have, a recess formed in it, and the other of the mating 
surfaces might have a protrusion whidh canfit. into the, recess. The mating planes that are 
defined by the surfaces will generally be defined by the edges of the surfaces, and will ht 
perpenjiicxiliar to the axis about which the. parts rotate relative.to . one another. = 

PrefCTably, the angle between the axis of relative rotation' and the axis of the upper part of 
the. column member is the same as the angle between that rotation axis and the axis of the 
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ibwer part of the column member; . Preferably, the angle between the axis of relative . 
rotation and the axiS of the lower part df the column member is at least about 5°, more 
preferably at least about 10°> for example about 15°. 

Preferably, the height of the coluron member is at least about 25 nmij more preferably at 
least about 40 nam, especially atleast about 60 mm. 

Preferably, the instrument includes a motor for rotating upper part of the column mfember 
relative to the lower j^art of the column member. 

Preferably, the instrument includes a connector by which the lower part of the colimm 
member can be fastened to a bone. For example, the connector can comprise clamp parts 
which axe configxured to fit on to bone structures. Alternatively, the cdimector cbn be fitted 
to wires which are fastened to bone structures, for example by insertion into the spmal . 
process in the case of a spinal application: Suitable clamp parts are knoWn, for fitting to a 
patient' s spinal colxinm or to another -bone structure. The lower part of the column member 
can be attached to the connector, preferably so that rotation of the lower part of the colunm 
member relative to the bone, around the axis of the lower part of the (Joluirto member, is 
permitted. Preferably, the instrument includes a motor for rotating the lower part of the 
column member relative to the bone.' 

Preferably, the instrument of the invention includes at least one marker by which the tool 
can be located relative to the patients bone;. Generally, the instrunient will include a 
plurality of markers, for example two, three or four markers. " These can be'used to locate 
the instrument relative to anatomical landmarks on the patient's boney or relative to markers 
which have been implanted in- the patient's bone; The- nature of the markers will depend on 
the nature of the morutoring- System which is being used to locate the. instrument For 
example, the markers can be selected to be visible using fluoroscopic te'chniclues, or the 
instrument can have a: shadow which is uniquely, identifiable iu the fluoroscopic image. 

Preferably, the guide Gompohent of the instrument is made from aradio-translucent 
material so that it does not prevent the creation of images of the patient's bone. Other 
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components oftlie.instrunxent can also be made:&om radio-translucent material. However, 
it can be preferred for other components to. be made from metals in- some cases. E^camples 
of suitable metals might include certain stainless steels and titanium-based alloys. 

Preferably, oue or more motors which are incorporated in the instrument are. controlled . 
using appropriate computer.apparatus. For example, the motors might be stepping motors, 
controlled by appropriate pulse drive signals which are generated by a computer. 

in anotnejr aspeci^ me mvenuon provides a navigation system lor locaung an axis on or m 
relation to which an orthopaedic surgery procedure is to be performed, which comprises a 
navigation toohas discussed above. The system- can include other components. For 
example, it can iiiclude a* cutting tool which <^ be used to cut the bone along an axis that 
is determined by the navigation tool. The cutting tool can be a drill. Hie cutting tool can 
fit through the opening in the guide when appropriately alignedjelative to a patient's bone, 
to drill a hole in the.bonQ. Alternatively, a separate guide..can be positioned using.the . 
navigation t<5ol of thetinvention, which is then .used to. align a. drill or other cutting tool. 

The. navigation system of the invention can include a computer which is. used to .control the 
navigation tool, for example, to provide drive signals to motors by which components of the 
navigation tool are moved relative to one another. The navigation system can iaclude 
sensors for determining the location of the navigation tool. 

Embodiments of the present invention will now be described by way of exainptewith 
reference .to.th^.acGDmpanying.drawingSi in which: : . 

Figure 1, is a side vi^w of the navigation tool of the present invention. 

Figure 2 is.ei planyiew of the tooLshowii in.Figure 1-. 

Figure 3 is an isometric view of a clamp which can be used to fasten the navigation tool to 
a;patient!s spinal column...,. 
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Figure 4 is a yi&w of tiie navigation tool of the priesent invention positioned in relation to a 
patient's spinal column so as to.eng^ble the axis for a drilling step intp.the pedicle to be • 
defined. 

Referring to the dravsdngs,- Figure l . shows. a.navigation tool 2 wliich comprises a colunm 
member having an upper part .4 and a lower part 6. The lower part $ can b.e fastened to a 
clamp 8 which can be fitted to a patient's bone. 

The tool 2 includes a guide plate. J 0> . . 

The upper part 4 of the'column meiriber has a lower facfe which defines .a mating plane 12, 
which is inclined to tjae axis 14 of the upper part at an angle of 1 5 . Similarly, the lower 
part 6 of the column member hjas an upperface which is inclined to the axis 18 of the lower 
part an angle of l-S**. Th^ lower face of the upper part and the upper fape. of the lower part 
are in fac^-to-face cont^ict with .one another on the.mating plan?. . 

The tool includes a guide plate 10 which is fastened to tiae upper part 4 of the column 
member at (pr towards) its' upper end- .As shown in Figure 2, the guide plate'has a series .of 
openings 20 extending through iti arnanged on tiae surface of the guide plate on a line 24 
which follows a helical path around ;the. centre-of the plate. 

The lower part 6 of the column member is able to rotate relative to the clamp 8. The guide 
plate 10 13. able- to rotate relative to the upper- part 4 of vthecolmnn memben ,^ 
4 of Hhc column member is able .to rotate on the mating plane 12 relative to the lower part 
6. Relative rotation between the upper and lower parts of the column member causes the 
angle between the axes 14, -IS to change, between 0° as shown in Figure 1 and 30° when 
the upper part has been rotated relative to the lower part througih 180°. Motors are 
provided in the. column member by which the relative rotation of adjacent parts of the 
navigation tool can be controlled Signals for driving the motors in the column member 
can be generated using a computerhaving appropriate software. • For example-, when the 
motors are stepping motors, the control system can generate pulse signals to drive the 
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Figure 3 shows a clamp 40 which is fastened to a patient's vertebra 42, .and which provides 
a platform 44 on whiph the topi of the invention can be. mounted. The presdseform of the 
clamp is not important to the function of the tool. The clamp should provide a secure 
mounting platform which iS located stably relative to the bone. Such clamps are known. 

Figure 4 shows a vertebra 50 viewed, along the spinal axis which has a navigation tool - 
according to the present invention.held in relation thereto in order to allow a drilling axis 
52 to be identified so that a hole can be drilled into the patient's pedicle. 

Use of the system of the present invention to define the axis for drilling into a patient's 
bone (for example the spinal pedicle) involves the following sequence of steps. 

1; The location- ofadriU axisis. determined in pre-operative planning us • 
appropriate, images of the patient's bone, so thatthe.location of the axis is known relative to 
reference points on IJxe patients bone. (which, can be provided by implanted markers or by 
anatomical landmarks). 

2.. ■ A small incision is made to allow access to tiie patient's bone, 

3v . The clamp, for the navigation tool is fastened to ttie-bone, for example by directly. . 

engaging the bone .tissues,.or by means of previously fixed wires. 

4. * The tool 'is positioned in a reference configuration. 

5. The location and orientation of the tool is determined relative to implanted 
miarkers* or anatomical landmarks on the patient'is bone using appropriate inspection or 
scanning. instrumentatiDn.- Eor example, a fluoroscopic.imaging system- could be used to ■ 
generatetwo calibratedistereoscopic, synchronized.images to identify the location of the* 
drill guide and the bone to which it is attached in 3 dimensional space. The trajectory of the 
drilLcan then be planned tod the resultantraxis and direction of the guide programmed 
fiom this plan..The orientation of the guide could then be positionedas described below. 

6. . "Drive signals are supplied to the navigatioh tool of the invention, involving • 
relative movement between (a) the upper and lower parts of the colunm member,, (b) ttie 
lower part.of the column member and the clamp,- and (c)the-.upper part of the column 
member.and the guide plate, so that one of the openings in the guide plate is positioned and 
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oriented appropriately to define a- drill axis extending into thfe pktient's bonej consistent 
with that defined in .the pire-operative planning. 

7. A drill is used extending along the axis-'defined by the opening in the gtiide 
member tq form a bore in the bone. 
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CLAIMS : 

1 . A navigation tool for locating aii axis on or in relation to which an orthqpaedic 
surgery propedure is to be performed, which comprises: 

a. a column member comprising upper and lower parts of which the lower 
part can be fastened to a bone, the upper part having a mating surface at its lower 
end which defines an upper part mating plane and the lower part having a mating 
surface at its upper end which dejfines a lower part mating plane, the upper and 
lower parts being comiected to one another with the mating surfaces in contact 
with one another in such a way that the upper and lower parts can be rotated 
relative to one another about an axis which is peipendicular to the mating planes, 
the axis being non-parallel to the axes of the upper and lower parts of the column 
member, 

b. a guide having an opening extending through it, which is fastened to the 
upper part of the column' member so that it extends transversely relative to the 
upper part of the column member and can be moved relative to the upper part of 
the column member so as to change the distance between the opening and the 
point at which tiie guide is fastened to the upper part of the column member. 

2. A tool as claimed in claim 1, m which the guide comprises a plate which has at 
least first and second openings extending through it, the distance firom the point at which 
the plate is fastened to the upper part of the column member to the first opening being 
greater than the distance j&om the point at which the plate is fastened to the upper part of 
the column member to the second opening. 

3 . A tool as claimed in claim 2, in which the plate has a plurality of openings 
extending through it, arranged on a helical line around the point at which the plate is 
fastened to the upper part of the column member. 
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4. A tool as claimed in claim 1 , in which the guide can be rotated relative to the 
upper part of the column member, about the point at which the guide is fastened to the 
upper part of the column member:-. . " 

5. A tool as claimed in claim 4, which includes a motor for rotating the guide relative 
to the upper part of the column member: 

6. A tool as claimed in claim 1, which includes a motor for rotating upper part of the 
column member relative to the lower part of the column member. . 

7. A tool as claimed in claim 1, which includes a connector by which the lower part 
of the colmnn member can be fastened to a bone. 

8. A tool as claimed in claim 7, in which the connector permits rotation of the lower 
part of the colxamn niember relative to. the bone, around the axis of the lower part of the 
column member. 

9. A tool as claimed in claim- 8,t.which includes a motorfor rotating the lower part of 
the column member relative.to the bone. • 

10. A tool as claimed in claim 1, which includes at leastone markenby which the tool 
can be located relative to the patient's bone. 

It. A navigation system for locating an axis on or in relation to which an orthopaedic 
surgery procedure is to be. performed, which comprises a navigation tool as claimed in 
claim 1, and a cutting tool which can be used to cut the bone along an axis that is 
determined by the navigation tool. 
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